The main purposes of this study were to identify the major determinants of nasopharyngeal carcinoma (NPC) in the high-background radiation areas (HBRA) in Yangjiang, China and to evaluate their potential confounding effects on the NPC risk associated with exposure to high background radiation. A matched case-control study was conducted using those who died of NPC during the period 1987-1995. Two controls were randomly selected for each case from those who died from causes other than malignancies and external causes. Cases and their controls were matched with respect to sex and the years of birth and death (±5 years). Study subjects' next-of-kin were interviewed using a standardized questionnaire to collect information on socioeconomic status, dietary habits, tobacco smoking and alcohol consumption, disease history, pesticide use, medical X-ray exposure, the family history of NPC and so on. We succeeded in interviewing 97 cases and 192 controls. Univariate conditional logistic regression analysis showed that NPC risk was associated with the consumption of salted fish, homemade pickles, and fermented soy beans, education levels, the history of chronic rhinitis, and the family history of NPC. Multivariate conditional logistic regression analysis revealed that education levels (Odds ratio (OR) for middle school or higher levels vs. no school education = 3.8 , 95% CI = 1.2 to 11.8), salted fish intake (OR = 3.2, 95% CI = 1.7 to 6.1), the history of chronic rhinitis (OR = 3.6, 95% CI = 1.3 to 10.1), and the family history of NPC (OR = 14.2, 95% CI = 2.7 to 73.4) were independent risk factors of NPC. Tobacco smoking (OR = 1.2, 95% CI = 0.7 to 2.1), and alcohol consumption (OR = 0.9, 95% CI = 0.5 to 1.9) were not significantly related to NPC risk. The ORs of NPC risk comparing HBRA and a nearby control area before and after adjustment for the major risk determinants identified in the present study were 0.86 (95% CI = 0.50 to1.50) and 0.87 (95% CI = 0.45 to1.67), respectively. Salted fish intake was a strong risk factor of NPC. Education, the history of chronic rhinitis and the family history of NPC were also related to NPC risk. The exposure to high background radiation in HBRA of Yangjiang was not related to NPC risk with or without the adjustment for those major risk determinants of NPC.
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INTRODUCTION
We have conducted a mortality follow-up study of subjects living in the high-background radiation areas (HBRA) in Yangjiang, China, and in the nearby control areas since 1987 1) . The annual effective doses equivalent, including internal and external exposure doses, in HBRA and the control areas were reported to be 6.4 mSv and 2.4 mSv, respectively 2) . Although our mortality study revealed no excess cancer risk in HBRA, we could not deny the possibility that factors other than radiation might have biased our relative risk comparing mortality in HBRA and the control areas. In the study areas, we recently conducted case-control studies of three types of malignancy, i.e., leukemia, and cancer of the lung and nasopharynx. In this article, we report the results obtained from the nasopharyngeal cancer (NPC) study. The main purposes of the present study were to identify the major risk determinants of NPC, and to evaluate their potential confounding effects on relative risk comparing NPC mortality in HBRA of Yangjiang and the control areas.
MATERIALS AND METHODS
We conducted a matched case-control study of NPC nested in the cohort whose members were the residents of HBRA of Yangjiang and the control areas, as of 1 January 1987 1) . The NPC cases used in this study were ninety-eight NPC deaths identified in the cohort members aged 30 or older during the period 1987 -1995 3) . We randomly selected two controls for each NPC case, matching with respect to sex and the years of birth and death (within 5 years), from among 4,104 deaths identified in the cohort, excluding malignant tumors and external causes, during the study period.
Four trained interviewers conducted a face-to-face interview of a study subject's next of kin using a standardized questionnaire. Since NPC risk is strongly suspected to be associated with early childhood life style, we tried to interview the mothers of the deceased. If they were not available for interview, we selected an interviewee according to the following order of priority: a subject's father, elder brother, younger brother, spouse, and neighbors.
A major part of the questionnaire was dedicated to questions regarding lifestyles, including dietary habits, smoking habits, and alcohol consumption. Foods for daily life were purchased at xu, a regular market held three times every ten days in each town. The frequency of purchase per xu, such as 1/xu, was taken as an indicator of the food consumption. We have no exact measurement of the amount of each food staff purchased for every single unit per xu. Local people eat taro and cassava almost every day in their harvest season and do not eat them in other seasons. Therefore, we asked the number of months per year during which study subjects con-sumed those foods. Occasional smokers who smoked on festival or ceremony only were regarded as non-smokers. Occasional drinkers were regarded as non-drinkers. When the lifestyles of the study subjects had changed due to the disease responsible for their death, lifestyles before such a change occurred was asked at interview. Also inquired were socioeconomic status, disease history, medical X-ray exposure, pesticide use, the family history of NPC, and so on.
We conducted univariate and multivariate conditional logistic regression analyses. Maximum likelihood estimates of odds ratios (ORs) and their 95% confidence intervals (95% CIs) were obtained using an interactive computing program, PECAN 4) . All p-values presented in this paper are two-sided.
RESULTS
We interviewed ninety-seven (83 males) cases and 192 controls (186 males). Interview was not successful for one case and four controls in which the family of the deceased refused the interview or appropriate informants were not available. Average ages at death for cases and controls were 52.6 (SD = 11.5, range = 30 to 82) and 53.0 (SD = 12.1, range = 28 to 81) years old, respectively. The informants in this interview survey included children (23%), spouses (19%), mother (14%), siblings (9%), father (4%) and others (31%) for the case series, and children (19%), spouses (22%), mother (5%), siblings (15%), father (2%) and others (37%) for the control series.
There were 88 (91%) and 174 (91%) farmers in the cases and controls, respectively. The other study subjects were primary school teachers or village doctors. Table 1 shows the results of univariate analysis for the factors related to dietary habits. The consumption of Chinese salted fish, homemade pickles, and fermented soybeans were significantly related to NPC risk. Table 2 presents the results for those variables other than dietary habits. Education, the history of chronic rhinitis, and the family history of NPC were significantly related to NPC risk. Tobacco smoking and alcoholic consumption were not significant risk factors of NPC. Among smokers, 69.2 and 70.5 percent of cases and controls smoked only water-filtered pipes (data not shown in the table). The OR of NPC for water-filtered pipe smokers was estimated to be 0.9 (95% CI, 0.4 to 2.3), which was not significant, either. Medical X-ray exposure was not related to NPC mortality, either ( Table 2) . We restricted our analysis of the medical radiation history to those 10 or more years before death assuming that radiation exposure occurred within ten years before death could not affect NPC risk 5) . Salted fish intake, the level of education, the history of rhinitis, and the family history of NPC were independently related to NPC risk in the multivariate analysis using the variables associated with NPC risk in univariate analysis ( Table 3) . The OR estimates shown in Table 3 did not change sizably when the other variables listed in Tables 1 and 2 were included in our conditional logistic models.
All cases and controls in HBRA had lived in the Yangjiang for more than three generations. All NPC cases and controls in the control areas had never lived in HBRA. As shown in the OR comparing the NPC mortality among the residents in HBRA and the control a Medical X-ray exposure to diagnostic X-rays 10 years or more before death. areas was estimated to be 0.95 (95% CI = 0.55 to 1.63). Since the major purpose of this study was to estimate the OR, eliminating the confounding effects of the factors other than high-background radiation, we tried to estimate the OR adjusting for the effects of the four variables listed in Table 3 . The problem here was the fact that five cases in HBRA and four in the control areas lacked values in those four variables. When we excluded those nine, the OR comparing the NPC mortality in HBRA and the control areas was 0.86 (95% CI, 0.50 to 1.50) even though no adjustment for those variables was made. After adjustment, the OR was estimated to be 0.87 (95% CI 0 .45 to 1.67), which was only slightly different from the OR estimate obtained from the analysis without the adjustment. Of the 97 NPC cases, 52 cases or 54% were histologically confirmed. In the analysis restricting the NPC cases to the histologically confirmed ones, the ORs of NPC risk comparing HBRA and the control areas before and after making adjustment for the four variables were 1.25 (95% CI = 0.56 to 2.79) and 1.41 (95% CI = 0.56 to 3.56), respectively. When we used the histologically confirmed NPC cases, the OR of salted fish intake was estimated to be larger than the original one (Table 4) . On the other hand, such a restriction made the OR estimates for the other three factors smaller than the original ones. We conducted further analyses to identify the factors modifying the effect of salted fish intake on NPC risk (Table 5) . First, we divided the subjects into males and females and estimated an OR of NPC for salted fish in each sex. The ORs were not different in the two sexes (p for homogeneity = 0.822). Second, we divided the subjects into three age groups and estimated an OR in each age group. The ORs for salted fish intake were not different between age groups, either (p for homogeneity test = 0.813). Third, we divided the subjects according to education levels. The OR in the subjects without school education was much higher than that in those with formal education, although the difference was not statistically significant (p for homogeneity = 0.142 ). Lastly, we divided the subjects by the family history of NPC. In subjects with a family history, no relationship between salted fish intake and NPC risk was found. On the other hand, in the subjects without a family history, salted fish intake was strongly related to NPC risk. However, the difference in the magnitude of the ORs was not significant (p for homogeneity test = 0.277).
DISCUSSION
In our mortality data for 1987-1995, the relative risk of NPC comparing HBRA and the control areas was estimated to be 1.05 (95% CI, 0.69 to 1.64) 3) , while the present case-control study gave the corresponding OR of 0.95 (95% CI = 0.55 to 1.63). Although the value obtained from the present case-control study was slightly smaller than that obtained from the mortality follow-up data, the confidence interval of both estimates overlapped with each other. When we excluded the five cases in HBRA and four in the control areas because of the lack of information on the four determinants of NPC, i.e., salted fish intake, education level, the history of chronic rhinitis, and the family history of NPC, the OR estimate became 0.86, even though adjustment for those factors was not made. After adjustment for those factors, we obtained the OR of 0.87, which was only slightly different from the one obtained without adjustment. When we restricted the NPC cases to those histologically confirmed, adjustment for the four factors affected the OR estimate only slightly. These results indicate that the potential confounding effects of the four variables on the comparison of NPC mortality in HBRA and control is small enough to be ignored.
Since we interviewed subjects' neighbors in 31% of cases and 37% of controls because no family members were available to interview, it may cast doubt on the validity of the information obtained in this study. However, we should point out that most of the local people spent their entire life in their own hamlets, and therefore, those living in the same hamlet knew each other quite well. Therefore, we concluded that we could collect fairly accurate information on education, medical history and family history by interviewing their neighbors. On the other hand, it may be too optimistic to assume that we could get reliable information about personal habits, including dietary habits, by such an approach even though the residents in the study areas usually have their meals near the entrances of their homes, and talk with their neighbors during mealtimes. It should be pointed out, however, the frequency of salted fish intake was only slightly different between informants. While 81% (25/31) and 77% (51/66) of cases were reported to eat salted fish at least once per xu (a regular market held three times every ten days in each town) by neighbors and family members, respectively, 51% (36/71) and 47% (57/121) of controls were reported to do so by neighbors and family members, respectively. When we restricted our data to those obtained by interviewing family members, the OR of NPC for salted fish intake was 2.9 (95% CI = 1.0 to 8.4), down by sixteen percent from the original OR estimate shown in Table 3 , where all the subjects were included in the analysis.
NPC is one of the most common malignancies in the southern provinces of China, i.e., Guangdong, Guangxi, Hunan, Fujian, and Taiwan 6) . Although Epstein-Barr virus, a human carcinogenic virus, is considered to play a key role in the etiology of NPC, it is difficult to entirely explain its geographical distribution by EBV infection because the virus infects most of the children by the ages 3-5 years not only in southern Chinese provinces but also in other areas of China where NPC is uncommon 7) . Therefore, it is strongly suspected that NPC risk is affected by cofactor(s) in addition to EBV infection. An important clue was obtained by migration studies, which reported that Chinese who migrated from southern provinces to western countries experienced NPC risk as high as the residents in southern China did whereas migrants' children born in the host countries experienced much lower risks. This notion indicates that NPC risk is affected by environmental factors in early childhood 6) . Another strongly suspected factor is the consumption of salted fish in childhood. Salted fish intake, particularly during the weaning period, was found to be associated with NPC risk in most of the epidemiological studies conducted in southern China 8 -13) . In the present study, we also found that salted fish intake was a strong risk factor of NPC. However, it was difficult in the present study to obtain information on dietary habits in childhood since only 18% of informants were parents. In the subjects where we interviewed their mother, salted fish intake in adulthood was strongly related to that in childhood (data not shown).
Although the consumption of salted fish is not a dietary habit limited to southern China, the species of fish and the method of its preparation in southern Chinese provinces are different from those in other areas in the world, as described in detail by Ho 14) , and Armstrong and Eng 15) . It was reported that nasal-cavity carcinoma was produced in rats fed a diet of Cantonese salted fish 16, 17) . However, it is yet unclear what kind of ingredients are involved in the etiology of NPC. Among the strongly suspected culprits are volatile nitrosamines and bacterial mutagens 6) . Yu and her collaborators conducted three different case-control studies of NPC in southern China. Besides the study areas, those studies differ in terms of study subjects' age distributions. The NPC cases in the studies of Hong Kong 9) , Guangxi 10) , and Guangzhou 12) were limited to those under the age of 35, 45, and 50, respectively. The most evident association between salted fish intake and NPC risk was observed in the study in Hong Kong, which had the youngest age distribution. Although it was difficult in the present study to examine ORs of NPC for salted fish intake separately for subjects in their 30s and 40s because of a small number of study subjects, the OR appeared to have no evident difference in age groups. On the other hand, education levels appeared to affect the ORs of NPC for salted fish intake. The OR in the subjects without formal education was much higher than those with formal education. This finding suggests that salted fish consumed by lower socioeconomic segments of society in the study areas is more potent in inducing NPC. Another interesting finding was the observation that the salted fish intake was not related to NPC risk in the subjects with a family history of NPC. Although those findings are important for understanding the etiology of NPC, it should be noted here that the observed modifying effects of neither education levels nor the family history of NPC was significant. For example, the difference in the magnitude of ORs for salted fish intake in the subjects with and without a family history was not significant. Further studies are necessary to confirm these findings.
In addition to Chinese salted fish, the present study suggested a possible increase of NPC risk associated with the intake of fermented soybeans, and homemade pickles. Considering the public-health significance of the fermented soybeans, which is a very popular food in the study areas, further studies are necessary to confirm our observation.
A number of case-control studies have examined the association of NPC risk with tobacco use and alcohol drinking. Although the results are not entirely consistent, recent studies support cigarette smoking as a risk factor for NPC 6) . In our study areas, the main type of tobacco smoking was by water pipe. We found no significant associations between water pipe tobacco smoking and NPC risk in the present study. Alcohol consumption is not considered a risk factor of NPC 6) . We found no associations between alcohol consumption and NPC risk in the present study, either. In summary, the results obtained from our study suggest a strong effect of preserved food consumption, especially the consumption of Chinese salted fish, on NPC risk. Education, the history of chronic rhinitis and family history of NPC were also related to NPC risk. The exposure to high background radiation in HBRA of Yangjiang was not related to NPC risk even after adjusting for major risk factors of NPC identified in the present study.
